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A Proof-of-Principle Experiment of Optical
Injection of Electrons in Laser-Driven Plasma
Waves
N. Saleh, P. Zhang, S. Chen, Z.-M. Sheng, A. Maksimchuk, V. Yanovsky
and D. Umstadter
Centerfor Ultrafast Optical Science, University of Michigan, Ann Arbor, MI 48109, USA

Abstract. We report on a proof-of-principle experiment that demonstrates, for the first
time, the feasibility of optically injecting electrons into laser-driven plasma waves, first
proposed by [D. Umstadter, J.-K. Kim, and E. Dodd, Phys. Rev. Lett. 76, 2073 (1996)l.
Using a Table-Top-Tera Watt laser system (I
5x10'~~ l c m il~=, 1 pn, z = 400 fs),
whose output beam is split by 1:4 ratio into a pump and injection beams, respectively,
spatial (within 10 ym) and temporal (within 400 fs) overlap of the two beams were
achieved by intersecting them orthogonally in an under-dense (- 4 x 1 0 ' ~ cm"),
supersonically produced He plasma jet. The interference of the two beams in the plasma,
produces an intensity grid, directed along the bisector of the their propagation directions.
This causes the plasma electrons to be trapped and periodically bunched in the
intersection region, reaching modulation densities an order of magnitude higher than that
of the cold relativistic plasma wave-breaking limit reported so far, and theoretically
estimated. As being bunched in the intersection region, the electrons are stochastically
heated to temperatures up to a few 100's of keV. This mechanism cooperates with other
possible mechanisms to enhance the temperature, current, and emittance of the electron
beam produced by the pump pulse alone. A 2-D PIC code simulation corroborates the
reported experimental results. Discussed also, is development of a 100-TW-class
Ti:Sapphire laser system for upcoming optical injection experiments in the resonant
regime.

-

INTRODUCTION
The concept of optical injection of electrons in laser-produced plasma waves is a
promising scheme to commence the second generation of Laser Wakefield
Accelerators (LWFA) as it alleviates the shortcomings of the self-injected LWFA
traditionally dubbed the Self-Modulated LWFA (SMLWFA). In the latter scheme, a
single laser pulse of power above the critical power for Relativistic Self-Focusing
(RSF), Pc[GW] =2m2c5 ncl xe2 n, = 17 nclne , and pulse duration much longer than
the plasma wave period (qose,>> 2 x l q ) , impinges upon an underdense target. The
relatively long laser pulse gives rise to the onset of Raman Forward (RF), and Raman
Backward instabilities. The former excites a fast forward plasma wave, while the
latter excites a backward slow wave that is considered the primary [I] mechanism for
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Flat-top near field 4cm diameter. 25 rad Airy-pattern far field
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